Studies on Nucleases in Army Worm (Purification and Properties of a Glycoprotein Alkaline Nuclease from the Army Worm Spodoptera litura) by Ahmad, Nasir Saeeduddin
STUDIES ON NUCLEASES 
IN ARMY WORM 
(Purification and Properties of a Glycoprotein 
Alkaline Nuclease from the Army Worm 
Spodoptera litura) 
BY 
NASiR SAEEOUDDiN AHMAD 
BIOCHEMISTRY DIVISION 
DEPARTMENT OF CHEMISTRY 




S. M. Hadi (Supervisor) 
A Thesis Submitted in Fulfilment of the Requirement for 
the Degree of Doctor of Philosophy in Biochemistry in the Faculty 
of Science of Aligarh Muslim University 
A L Z G A R H 
T2356 

4 <i l i i i ft yii,ii.iiBiiii i II a 111 II i,.I 
Z mnM XUBB %• team tiil0 «ffostvttity to 
mismmm m ^dmp M W M «r lEMiitnto to av«8«M«fiteAi torn 
Isitittfel&g 8i» Ittfeo tlilJB XIae «r leiwtmii «iA for lyia 
«oiilSan»d ijKlevoBt, gaU«pf ani •li^tfiiwtgoatBtf vitkool 
liUflli t i l e losic osy not teve bMA 9Q«il«l«t 
Z W) IPfsleful to FsofeMKMP A#l^Siiiit& fest hia 
i t t lwMt ani inavanio «i^«»8tioiui 4«fiag tha mofftMi 
etuffse of thin BtvO^m I alae «Li^ to ttMBk Keofooooi? 
z «s oztse^ijr ^MiiofuZ to iiiBii« a«is,^ iiiU>iiia Bmm$ 
«»8oZooiiiKMm, HDiiaa3e4 AbaoA aiiA 1f»|U loq[fl fov theis 
ioooiflMeoMBt tfBd Maoy fM^ttca <tioo«totoiiii 4HwlBg tlM 
oo«ro9 of thie «oi^« 
Slw oso^ov 10 g^atljT tadiaafioA to fiKe«(JMi«) 
tmuSI* iXm mA (mos) Horvlv S«i»t ^^ >*r 1MV0 Ofor 
i^ LZZlae to b©Zp out, oven ot tlioiv e « OJQPOBOO. 
Itr Zatooi^ t^oxy ooai«a«aM I»B« A«s«Zoaottfl, lUg^ HiOBf 
8*T«I.* tO«eilf«ai» @00e4 &iM$J^ iMWOi ll»04» ll«S« 
{mBm)Mm9m, mHA tfid aweose @o^ lA fteyr^ §»B«A«l^4i« 
iitamA amkAf Attiar HiiBoaiBt I«i:«iSLin OBd Me^soril&i^ 
iotmaBi^lta^it ant aAvte** X tm spMlaUjr tfeatefol. to 
«r tbolr iNQT to b02p« 
mm h^p of fi^r ooeloapoaraiioe m%n^mM$^^ 
SMHOit ll^eoaol fioq, ttoo Rita HiOifiOiiBaEl oiid A M iiaA|« 
ioef eoBBO of ^Mlit«4o# 
Z 081 tliankftea. to 0«S#Z«a# tmA 0*(I«0« fo« ppoviAlac 
MimmieLtX support at v@9e&o«o t&Mio ^m^am I^MI OOOVOO of 
IftMi Aesooxv® i%r tiionlEO for toofaiiOftI audi oooooAcloA hea^* 
loopootiiroaiSr* 
^^%mAmMmmmmJLmJLmmEmair 
Uiut Of ftmm 
WUS9B& ZXZ 












l^itt Uf TiftlM 
ittgi 
fal)l« 22* mmgear of faetflottltoii of 90 
fVBSi^eA B«fcc:l»Q0O A0li lFlt7« 
Zftble i f * 3©1 iri^$i*atlii«t Data of slkali&o ^ 
fable f • Ssr^se^^io of VaetoaB 914 SII1MH> 9 i 
MifX m n%wm 
n^mB9 t* i^fool of PS m Qanam Mm^m 98 
figoso 9* flio isffooi of xaosoi^lag (^ rate 99 
ttoo^K Ctoeoeiit»oMLo& on %tm 
^ilpzo 4* fine aof»3« of Ittee^ti^ti of 41 
M^oeo ( • ICfoot of SolBotcaio on ^»t Ofamio 49 
Wiaeas^ t« Hofoxto ieaEvoiNl i f f i j i l t f OHM* 48 
?i#WO t« Bff ool Of iH OB tiio ^ w i f l t 4 94 
.8003^ 10* 
Wimm to. anroo« of m «&^ s«k&wo «ni 99 
uenattseed OTA as a«b»t9@ie« 
nem9 ft# Mfooi of t^oosoooing SBn^ mt 96 
Oocoesizttiloiift 
ttemso fa» SCfoot of fim on Z&oobotioa of ^ 
iti^sstQ 13* 3^foot of Sofape«o;fefife on lAoi^ jp* 99 
^l€ltt@ 14* l^ei?i3ioatJU3ll uf ^ of IHA ot 60 
^1 7*9 oo« 10»9* 
ftmB» If* iCf^ ftol of immmmim wt^m 6 2 
0iowillntti»ft fll4 f^  9B 6«i 
AHA |8 tO«9# 
Ooiio^ Bi%»aiii&ii 9» ^mm^ oat 
italse« ai4 ot 4 9 ^ msA 
'Q in tto |0eOeiiO» 0^ 8iB£&* 
A^^ ofO I0# Sffooi of fe^pesatuse mt Jlms&ytm 68 
Sia«89 19* £ffeot of pB Oft SilioniiolOd@o 69 
J^ I^ WiQ S&m Bffaot of ;Uioe>iMoiiif lB|9r»i 70 
Q&omei^fe^^im oti ttiA %oso3Mroio« 
fiawo 2H i^ a:^  i^ Bmifiiatio img^s^S^im «f Tl 
1A» Plgnso l^« Bitoot ^ 3itb&t»Qio <^Boeii^ ftiii4)ii t4 
«ll B!i39@o Aitivit^* 
ft^aeo M3* ts$mmm9w>iSm^ PXot«»|]otMalii»» 79 
'lioa of lUi foe 1114 a3NM?o3.90i@» 
n^ovo a4« Utoot of laoveoPiag 1^4 Oimom^ 76 
tsatloB Oft tlio Mm^m iiii%iiP4t3r# 
tiijft of %m tm Wl f^ 4i!o2^ &4@* 
tigmo 26« del Jfii^sation Heofllo of ^ 
mioioooe. 
jfSc^ wo 27* <a»3b@oia€ar Veiglit lintevsiifiatioft • 83 
jft^gmn SB • fmflao fos aotosaiai»ii iiltel»o 84 
nefi 
jftgoM 90* ti«> Ooiarao of a«l««M of MiA 9$ 
Fi^ ii»@ 91* Bffect of Psotool^ rtiiO iQr %«n>Biii 9f 
o& £Sa£)0«i onA iidnpo:^  JSimlmt^m 
fifiiis@ 53* Oe»»A lioprittrQeo iffiaitir (3lae« 99 

mfH»$m #( tiKUi vitiif mm mmmmsw «t tammmm wmminti 
CI) iMHi Mii9 mm» l i i i i «i«Niia iMMPiKls 4^ ili4 a«i aswi 
iMifa^ mA hMid^Jt^UsH i«^iril9r» .Hit wnyblMfl ot WA MJMOV 
muiiiSliy fldt ifiniiir iMinhmiliiiii £S)* A<M«>MM» ffiani •(MbiakiiMMi 
itM»»p Mpito 1 t^o«tt|^  gtwwuMtiifliiMiia tolitiitmii in ii p«it 
f& d^ arA C9f 4t 9}* fluntwiiiy ^Himm mr^tnUm tmnM^ Mi « M 
hm%m!Uk ttm mmmfsA. m m isioovi «^pftni mmm tmm MA 
»A pounmeiiii* «BA « ylafawilitoltllt Umimm 3te « i l i t iM • 
of^ htnr «i]aiil«p yimmmm mmt m MA MfUMM A^oii mm wmma^^ 
mmm W* iMir ^ m«ammm IMP ^immimm ^m» nf 
iqpMStfii^ ir «iA Mii» at t t i O i i9t«lii^ tmmsUm htm 
mm 0S9m ^ imiliiirtrt hmim mim^ mtSsmitm »j>iolfl*. 
vm w^mmamm^ mw^smfm^mm ^ym»ymm •m-Tn— ii..uii«ip.pi.» 
9«t Mi 9*7 (9)« u SMwm mmm^K^m i^mmi«m ^Mt UMI 
WM%mm» prnmsA :te Hw ««l «f Hie IMVWI «f laBftHlMi 
ISBtA tfllMMP iiyibraSjrtliiii liiimi'iMiw 'laitttttiif I A tlM MBA i£ tOkim 
tfiloMi ^ |0»f« mm mmsfm hm IMNM 9 » i £ U « im hmmemmk^ 
mm mmmm^m^m«0i «eim mmp$9i% t » i t « ]pi!f«i«ica « i4 tt«i«i|iMi« 
im l i liiiiiiiiii [ill In tn i l i i t i i t iif 
3 
H u l l Hmsie I W i IMNHEI iOMI i d U t t MMilMMiHi ^ 
diiiimiltoliirlilmiill> i f t A tinii'wiiiliiii awaMnr tMitiMi^aa « i liiB 
B^wJurdtifOMjil ittA «f liMl ^ ^ f ^ t H 4ft ttipiliift itf (iiiwiiilnii 
mh n11 iliiii I t 11 l i i f i ^ 1171 HdUii in mttSiLti Ibi iMiiiAMMi ttMi 
'••wiMiiiw'ignnfinTT iiiiinifgM mak I M ) Mi iOHMttialM^yiijtt 
HHJi iP i l f IMI ^fc*M'W'w»<«'ilMM»«iii«liftflMiiii|t>|gyM||||||i||g|liiMJiiM i A l * 
imirjtfliifl tiininnotliiiiWi ""tl i> i t lnwir MMHMliiKlMlA irii»eSj|^Ujr « l ^ 
Itf A BaUmtBiiii MIA Jbi lnwiMfnidi&A^ ISHMI &ft itt tlMi MMHIe 
klufely mill'If lit fl 'Bi'itiiTijfttiWMi iJBDa iiilBi nnmnl •uniiiiT 
«-^ ^Mfcl • iSa t t lM l jMMNi^ A M A U i s l iUHMHli t t l iMMl AMBiaBiSHiiV 
i t tA | |# |k i»>Al<i<4MfcaMiiiiii.iMMW«ft||t| m i I rtig I 
iA SIA jflllliiB s SJUiftl l^lflMt HMMHI 4titt|[WB(MiA(lrtNliMI iMini 
ttft iLfiiMiMBi idMkiB jURBicelfll wt fts^fBttsiMi^tolar 0cWiitt HHMMI 
W i ^ * ^^P**^ ^ F ^ W ^ i ^ ^ ^ ^ ^^••ww^W^^B ^^t^^w^g^^B^^ ^ F ^ ^i^^^JpMFVW^^nP^NNPr^r^^TCH^ W F ^ ^ I P i W W p ^IPWP^r^P'^P 
an* ImmiiiaiaA I r f*«ffe«i]ibMg^ CMiys^ i ani«M» f « « l « t 
i t iBiflfi««fi,tm«*»«»T i » Jiii i tfUMtium I r a naiiVty itf &Ki9 
l^iffilff #iiiM» j ^ W9m tmi ^i^^^^o msaiii 
MiJk tJB- SH^ 
ill mtam m mi»t^ vtiMaiM :IB% Iwn rmm m^mm^sf 
testos^lttl liiiMBtiMimfl • IttM CBlar AittKtfaiillkidHUMlJMtfMi ttuii i i ^ 
—Biwiai|iWi» <Mf lwiii«iei»ilMig» A (3^1^ 2ii JMflMMillk ^ Ki^  
fl&HMMi nnr ffiBfiriAM III 0mm» immmimmmtim «r «|» mm*^ 
ift MMi fae«o«wi of MA m^f (H) «MI fmwtlitiiattgm imi* 
mam* 1^ mww apatlflAitr «iiiiM « g«««|iiliic gjjgjiah t» 
iMMluHiiJHi 4a£ tMMtiffilTflHi imt1ll.oii itt InoiAmiM* ' VuilMMMMi 
J H B M I P ^ ^ ^ H M P 'B^WPI^HpP*^''*^'•W^^Wi^W^^^' fl|- ^^BB^^^ ^FWi^^^ " ^ M B H M I M ^ H B ^ P ^ ^ M ^ W V ^ V ^ ^ B ^ ^ B ^ ^ '^ff'^^^W^^^^K ^^ ^^ W^^ ^W^P 
ytvlQstial. ift Jb^ M^MrarijBii HMT MiwMi of «ii^ o«lMUwo tuffiiioftti 
mim iM9«» ogofttffooaiy oputo iNi iftiMiilioiilotit* %aii^ 
sK »aMpi (fB 4«0 * 9*0) iHii i i tmyio V^ Mm i to aolii^lljr* 
!fto u^gmHmi iieoioolo tioA iittglfiwNi aiA hmm ^mm tAiafti^ 
# 1 ^ fio §*«dMueMilMBBa^ootUoOtt iiteo iMOOflftliaiB t in ooisioi 
flu natdbtooo OMtt AMHMit fMivrifco otMoiioit M4 otjjmwt loiHWii» 
#iodL8ig IwMlco in #BOlAo olBMMiiA iHilk# 9MI jiiinynt nAitt iMiQr 
oliiH^ o^ei^ l»otfso is QVi^bviiiliioA l^isioit Siiw INio»» 
t^tiUUMO. mk of p ^ 4 (tOMft %\ im oottooitoi f^ioi to a»l«iftA 
o&MitX^p ooa^^Mio (foKo XX} wgA «Nii to » ^Uiioa» $miMm&m 
H iilir (f?) feffpo «li« ioooifil.te« tHo o o t i ^ of i | icioooo «ft 
oi^botioto «NL<^  i« iddkn to Mbpopo ooos Im aofftiootUilt 
«itortionaglo3L » 4 iiod' «iMk<ii a i | ^ ol«o Iw M I MMnnN»l«lo 
8 
90%m tim Wk 
m^ mu 
i l l SiSiJHEl 
a«9 %hi$ 
%Amm Mk s«ftfesNI 
lwl«ttttiiiuty I r 
Sf4# 




iiMHttttB «dP an 111111111 i f 1ft i M i ttr 11111111 iUH l i ihfr 
MiK&ift* clnriNii^  MtlMiail ^^ ntnlftt* il i itli i v i nMiyi.f INI msBsr 
iwl ttUitiUto anwirttlaiitlwi htm ai4WMi «•»«»«• i f « i i« 
•^Mt**^  iiui yfl-iMi* aotiLnMNl Huiif i m n t f l u n T atJliiBir: 
ailUdyi a^ MMMftAwA SiA. a m t iMNia WEMaiAIMNiiX WilgtHNI iKf 
Stm MBA liislMiMidi I4S} id so fist liM ^ 0 1 itiiJUNI I M T H I * 
f i t i i mmfm 9^mm i^imX «BtL«llir « i sfi fd l mA i« i t tan* 
U^miL ixf Mit*'* t;^i^NH^i# ia»ii»lii»ifl» of ^Sm mmm ^^^m 
ilH. attiJ ffiiiiiiiniiiiil artii'ini IMMMMI ^Mtili MUMnilMMi itf I I I M 
iMi i^wl i ««•« ( « 1 ^ %im iMimiiiti i f i^)^^ ^^^s* f^^iM 
liAjili MiMMrai niiiifliiilMilnJniiiw £4i)» IVifi vL%h lunikMNl fialA 
iMiiMi ttf f l u msmm ioidPift • piljriQ im a i i tgNlMol9t««# 
IBNl fWITTl^ li'^ f B^lJ^ XfllJUMI i f MWKI iMMi MHAiiMMNiC MMb 
mUPjlP • •BBT^^^ ^l^^"lW^Bil>^"g» 4BHW •BWi^lW ^|r^Wliill|^^^WW-^JBfr^^»^P^WSF'P'^^^i ^ ^ ^ ^IP'^I^BIWI^ TP'^IT wiW^WWiPpiTB'^WW'^i'T*^ 
MA tmm m miMmm of WIM tomm mA {%} i t i tMM'^ « l . 
iKl^ oonttinlawlliBi to li^iievi aipiolf ii«iM# i f «ftii^ aistoMi 
10 
Jbi Wk 
9 • 9 ttOi 4 «• f I 
iMi^ p(Ke%iiiiitiiti idiMrapyKf SKA 
i l l 
in in 
11 
MUST iMi iicmitimi latvoStiv^ I A w t iMT i l M SMMNJUUNMI 
«»e4»^4^«4 V i l l i a u «t$ l iAt i l« f t« Xt i» r t t tMlOMiwii 
p » ^ 9^ po3^ a tflttft i«ii!l«i»« IS% |lM»tiii 9 0 ^ « in iHvl 
iitiiiiiiHart iMiiJiKHilAdtiAKi* S M I iwt3>f#ffliiif 'iPirilffliiiifB'litiiiKi aMl 
tttttlYlti^ws iM tAMi aaoldidL aatt MNI Hut MMB^  iLiifHnr flgAMiiAM 
miA Ca^HUIt n w 'mm$m })mm 40«i pR»^ttt «f mmA mm 
iMOir A lift m^^Bt^0 
12 
mp$9iX$9 Sme sHiel* smBsiNi MA mA turn m tm^m3L fB 
iip«i«nei« mm^U i» ft i^fmmmiak mm^m^ i» m^ «9»«itio 
tm 0iii^* «laiiifi(i«d iBAi iiiift m avU in ^l^aiM «Ml «OM 
iM^ «»^ «^ i«» IH*^ * di«i^ ri^ (^MNMai«i««4IX iff} iB « 
faMiwe3L#ftg» Mii lijrt»a|r*M JVA f»«wi «i» |^«Mb Ift «»•» 
^w »»i«iy Of MA iA wmmmUm Wmm^ A ^at^ mi m** 
^^^^^^^'W^P^^^^^^W" H^^^F^F^^ • * ^w-^w^^^^ ^M^^^^^Vi^V iPBIMPP^^apPI^^P'^H^m "" ^^^WPiPpi^^* ^P ^^^W'^JWIBiwflPHPP^P^IP^^ 
«* ift ftilralltii> i«e9iQr»ili»nfJ»ftMit •iieuifc'Mil in 
isfmi^iamy^B^ h$m •!«« iMmi «»9e«it4« 
Hwr iitt«l«ft$!«« lwf» iMHR »ep0»tt< Mwmi 
13 
|K 9^0 * |l«0« HMMi mm ^  i»Mv»«t •laoe ^MT Mtf^Mbigr 
stvutttitt* #f s i^ ' i^ mk U i i t i l i l l i t l ta i In ^ » l iMi 
JPKA aaA feMts ft |B «f>liiia» m 9«0 « t * S («l ) t fHi aoiairtty 
imi%%Mm «11^ f*«ilmtt9N»»r2> afttt 5*«li3Pfti9«iy9L «ftii« fNi 
'MliA <iftftffiiili>H.I itf 4& ttfit ftft APBiiNBianUl soiMl of 9«ll« 
IBMI tfUodUMEUI BSBOtttftiirt t0^$i!HLf0 MNflWWNi I A H M liffnifiipfni^ 
ftf wsgtBfttiilag M i 34v«» is nt l ftipiiftftipiiajr qliftig>ft» 
gfttftiftliy 9«i^liM fi»ft Uriiirtlliili. W^% Mmsfwsammm 
^^*^^^^^^^^^ Wfc ^W^PWyHPwW^W^^^W •^B^P^WHf " ^ ^ ^^^^Pi^K jPNfti'^^^'^^^^Pft^^''MV'^'^ftP'MHflP^MV^flft •Hft^RH' 4Vft ^^" f t 
mi^« fiiwy»i»BaMaiftg»«g wm IA$MF <^Pi«lti» fftv iiBfttowii 
ftiAnOfft (€9) fmnyf^ ftft wwiiiiFtinlly hM^ ftMlrftftBdMif v^LiiMt Hft 
14 
IdM^ iuiiw iNiiii «ia« %6 #M&w f ««•» I^M «i» 9*imlbam of 
SMRMI AMI flWlkHii iitul*tl'iii<l>iltiti1 ji Wi''^ flilfi<l<il WUl 
15 
peotelas^ «o mat lBM«t •yt^ MMi taslv* «li«l9 «E«laltiflft 
trod tlwM anteliate* mam tte viillsgliMi «f thmiB 
B%YiAl«A 4l4|eatl'V9 mBmfwm of Intents cm tli& pBOtMlirt^ 
eioiynMi, a&d i t is i&!»A ^ a i ^M i^o^dytio «aiiQfa»e 
l^ neMot In tiio gaft hoiioifc scte ^ iafteols ««• la geaosai 
oinilttr to «BM>eo of ethos invesloteato Miwiie (i7)« fiw 
iafi«ol peotaaoeo lilee lAiooo of lyegtotea'toOy «M VBtuOljr 
aiiAo «p of etiwmgr^X ooayoBOatg^  ssotoiaaftee aotiag II^ QB 
aoiflVQl 9«0%6ias OBA ft 6^019 of ytoteiaafiec noting i^ o^n tiM 
otftoofomat 4ic@ot» fbe pa?otoi^ Mi^ 6 novo newOljr tqrpoia • 
Xi&)0 end wmey weml^ ptpoia « IUBO Cit)« 
iMtovioh Hii ill* i6t}p Xosotovioii (70) mA 
iwwtov <7I) ^emfibod 1^0 BtSLimm SKOtoalHi* of 
iltli tlio &«oDoiio mA wm otiMOaioA 1^ « paotoiA «iet* 
mm B—loUstt itf «M o«Iiipa«r psttOMoo of M M t t L 
Mmmm ^^ attmitttoA tr «ftot«[Rr OUNMIB (7t}« vtot 
«ii>o io£UttQ«o4 tiM oooso^ Lott ^ ii#»6tivo oa^ rvMi ia tlii 
90ftf9tee«ao Slitalyif lMttIa (791, in tHo oUm^bogao 
rmwarei aMUl (74), aas la tho IMTVOO ^ a«a^ i^«A«i.^  
16 
aittMPuMi (7i)» fmm mm m mmimt «t «i#Nrtif« mmm 
Bwmmm «r pmm^^mMm tsm mffimm MA w^mtmmm tat 
iiwii ABimaMNl # • H M idbftmiia it*ji»iiiM» liiriianili'ljiii aiHilJiAiv 
I 
flMI WMHI tflgMB^MSl iMMtMEIS liMMI t n i t i l WyiMlftfP SS Ifeil 
17 
was found t o 
f# 
{9$} iMi TgtBSBllMS^' fHillSMMi 
'mo(4i»> 
(1% 9m ^«» tiMii tf a^» 
^ ^ • * ^ ^ r T I P ^ ^ ^ H ^ " ' ^ ^ flB^W^ ^""^WWI^ ^ ^ " ^ ^ ^ ^ ^ ^ M i V ^ ^piUw t H ^ ^ 1 
j | WW miftfiHi i C 
lor iMNMi i t Jb m^ mU Uhmm 
18 
m itm&fftG ««»» i»ki>«&3lki of avo^dag m^banl snol^ld 
«0iAi Ift tiMi d l« l l^ ol «» iiidttl(<?im3 8«p9ljr ^ 8ffA i»f OTA 
UAi tN l 1i9r t i l t aMft« of »9»«i(Maji «f lB4i^#aa3. W M I » « I 1 4 * 0 
( f t ) * Xt i 0 fmmM l iM i liMi Sij^ lWMi •pMies 99mi to dilfov 
I n tlitt ataMaoe 9S m Ai^Um •pmm of atattXoio «i&4»(^}« 
^ tii» f^ our i ^ « U « liiiflti ff»i«S«» MMliOi* aoido foar aoxaoJl 
^^ UnfltTft^ ii'r iMfffifiiTff*ftff {9f} atwA w i f KhjHMi -m j n l f t 
lgB£bM ( ^ ) tt<^ w ^ ^ A or ^A» S&« Alomar » o f t i . » « i t 
IMlpoDiA Of #WHillie 14^10^ tlMM* fiMI »t04 038(11^ 0 lOOWIOOy 
^ 0 miNi of ofstlioolo of |ii4iiriftMA. moiootiioo I^M» 
• i a ^ l0ooiaEOoeo faULe mmB% of «bo emwrn w^^ffAmmaam^ 
#«g* I& J^ l i l M a n N J t t 1A»B »«l« <^ oioiQ^o tti^yft opis^ MMMbi 
io idLo« and Olotasegr MA 40 so^pduoa «iyL&]Lr f ^ tHio 
(f9)« 
M M f tlio «on «l««ioi WM^looljrtlo OBSjnaoo, U t t ^ 
00flV0<MI* 
in 
jTartrl' ^^li^ ^^ ' ^ ii«iiii^  (toe) IMI* 9»9»»I^ W tn* 
1^ i»p^imm of |0#9 M A i»i«» m Hi^ H IIIA «ei4 1114 i# ft 
^ ^IKj^f 4^ *ft*ftl^^^WSilW» ^pp«flBl^wliHPW^W^I^^PBMB^^^^ iliWNwftlRMiHMMtVBM^WQ^ wiwi' wS^^P j P ^^^^|^BiWI^^^^^ 
lifCffifa «»«# »Bi»i «tttt l^»tft (101) f ^ n i ^ i i I^ MMft ift ft 
fti* imnrtniitiliii AMHMPI^ tfumiitiiitl if irff t «i» Z ttft ftadftMn AiKm^lftttfta* 
IftiBi m- XX iftijmBi* nift iaayBMi lyaiftiMni te luKii m itlMiiiilHit 
ftftlP^^^ *^^^^^^^Bift» H w ^ ^^^0 IPPi^pV^' miB'^P^' ^^B I^^ ft^ Bft VftWfti jfti^^lft' V r •^"•HBBIfll^llMi^^f flWH* WP^WP 
l^itt* ^ l - l i r l «&^ * |B <^?>ilMtt # i 9«# ftfti ft MilftMXftr 
n o l i ftWfJlftll Kill MbL ftlMNlVftSllffiMMIHyil —»^ MM 
«lalXi»r« BeHW «irtlM»» CtW hmm ftXuft i4yMai«MI«« 
JM^ottlat ftft 1 ^ lu^amiX iidiiUtftn i ^ ^^i isUm 
20 
iim,hl%9A 1 ^ larval. wmX^mm aetl^it^ tomeeNS® ai4 1w^  
a ^ ^enftsSfi aiii «BBA i« IOJI^ net dff#e«iir» AgsOJiit tto 
9 1 ^ ^ ttwaMiB«« £lit««i« iaa»3jr«iii0 AIMOCIIHI^ « I vttdwiiie^^ 
ttv» sMhataiem of ii]ldLtiiti&& «nA isAioii^d Hi* f(HBMiH@o 
tmA mtu fttBagoaa | ( | g^ i%m§ 109) tatfi* a^ MMi Aol««l94 
•Ao^Mip sdoidfMio la tiM imen^ «i.<g«<Ntla«tB» wad Iwvo 
wiiAiRtillod a9t4'V«l^r la ^i» digtvlliNi |iil«» MRA i« mmime%* 
flui mU&3^ ti&diMi iM^««^ ai^ ptttea to %• i4taaliatta to tlM» 
pmiil aooloooo «ai la a {KOM«aipao «r_ lOia a«»vai dlgtatiiw 
im^o«aa«Ko@a and S«I»HI« ( l id) ymidN^d aa ««i4d daoaqf* 
miMaaoliHioo *W foXd^ f^ toa ^ n ni^ j^ aa of J I M I S U ^ i ^ 
«cMfai iiMi fosad to 1M» tfHaalljr asMvo at |fi f td aat 
fO^O* Xia M^ t^ftsoaMcl i i a ng*^ urii aat aMolnfto ia ooat<» 
»ftst to I^ Mit aoj^ ortod fov ^hm iiBoXoaaoo of Himftr t ^ 
iai^rai iKa finaid IKI JLiaMwato ai^d B^MM wsmiHAMm fiwa 
hoot diaat«wtd MA wdU^m^ ttfUlmt m#a tern aaM^M aid* 
I ts aotdmi^  was ondoaB03aolytle aad a»aa-«ad oll#wniolo»» 
tlltoe of voafte«B «U»o htm$m 9*«i$lMW!^ ialo «oao dolaolod 
aaone iOto dig^afti?!* p^odaata* ilioao 9aos>i»?tiaa aai»ta»«* 
tiaUjT aMto«^2a tHoee of aaa^iaUaa 4Mmigm!bm0milj»mm of 
21 
ttiMiMij. aliHr iwKft fluimimt itk MM laiHh^tii tttmiMkKB o f 
invo^bvcfei Itt ttbt' iiiiniiwiiiiiliiii <ttl liiiiii'iiiiir M A iMtiraMoiBA 
ttHMBoaMMBV ltt(4 lift 4*18 HiA ter IniMriyui 1iiM> vteiiiliii4Mii& 
m 4»$^ S9A m^mBmm ttmUmk: tfeMbftHs^ ieM£iir«ii% an 
it aaiffiRU^ «tf l^bvtti iiiMiniMat Man- QiMBKlAMMiA IMI IW 
22 
i«l wme^m tmmUm§ m^twmMglkAf^ (lfl> M.i«i* 
^i«i m^ m&w m &ms^i^ u ««asv@i«iii UMII im 
• s i s ' ^ffilHpIp ^ m * ^ ^ H P U I ^ F ^w^^^^lBBiW^S'W'^^^p^B^^i^^ ^I^Hr ' IH^I^^^^F^^ ^•^Bi^MPfl^^WP'^ -4MVW' 
.t^ ffliiiifffnfliftfftff ^ #«tt^»«t ikanfm If I t ) fomi HtnA <No 
inal^i^a ose an 30JMI i»eign^iw<«iiia#>ftt Caiwotwil lA 
mm mm^m IMMP eitm^im3L3^ %e i laS MH tkm s$t^ mm 9i 
«aLle»yiia6 ^ d mii^ma. 0 moHm htm ^mm. dtit«l»4 m tm 
wrlffiTitiiam i l l4 )« mmiamiS>fmiBiiMmm wmx^itim wmm 9im 
wmmsft^ « i 2iHi@« tii^ ^m90i^»mBm0mm mm ^K^mtmA^ 
23 
miaamttA ]KI» nail udMh m, *liJliJf# ^HMMIMMHI #ft Mc » 
Hft •mniifitiiTilii xilMMMijiMOii liill lirii i t WM oHMlBVift* 
4 K 4 iSftfHIilAitfW IMH IMMHI pmstlSMNi iNl tlfiW(pilMll.tj twSM 
Fig.1 









L PUPA 5. LARVAL MIDGUT 
a 4 t I 1 I ik 4 4 
4 I a 
i a 1 1 a a 4 
25 
mutb j^AintdJus 'iiHHiiii^yi m s i itliNniniMt 
yUM| MmA laamamiA tgUtAe^lm iHHRt SHMlytfMA tSt^SSUt l i t e Ifaei.'teyik 
fsspftftitt v m JbEttft HiiitiirlHitinif MiiMlMKlJii» dBmuan'* VA S-Ctp 
iil2jtti) m n i iwiinitiaiiiKi i^ioii BAMKifikA. &•»••«»« jnM||[^iM| 




Mud nit * 
'WB^^^ ' P ^BII^W^(||P T P ^ P ^ ^ ^ ^ W ' ^ ^ ^ ^ ' ^ ^ ^ ^ ^ ' 
f inml ^ 




m %fmm mm ncMi IHI mm miSk imiaii «r 
Mift MMI 
tHBi0 ifiimitit(iiLi jg&MKatB wusi fBsoxsBst&kf isMMi&iilHNi Mieas-1 lM»iat Ml 
MOA* fiSM Mll>«tt MHI» SiMTIt i f t M ^ a foaT | lM9Se iMfMMt 
28 
tt^ iiQid &oltibl# DBA tm»l»0%l0im wmm ^n%mmimt 
9W9&0 ^iftti i» tl^ mms^im. wixiiire aiA «MI s*piUtt»« 
tt»«l«Qiti«ie warn iff^mimA mtimm W b^» f^B^m^ 
iHHihikd (l is) <^  «le® mmSM W ^^mm ^H» msMsm i^ 
sifia9# ctMtiAdS 184 pm^mm^ W Latins i i f#aP 
«gi»«aa mamt^^ 0*1 « HMOI. MNI t S %^%3mA0 m 7«s 
20 
eiet^iiittt mie |«@oi^tfg|«A lir «ii«&ag I xft oar $li» iMMOfcmi^  
wm ^Bil%W^ wai^i^ Wami tia»« v i ^ !«$ t a of m&^mm 
«ii#4 f&3r « o l ^ ^ ibNttaytfiwi^ mmmi^mg t& tlie ii^ tli&d of 
WiiM mm a^ il&4 $ i S i f i^io^iSjr fmpm^ *mm<m WMmvM 
1^ W^ wti^m^M %l X mem $m um M ^ ) * i i i « r imiBSm^ 
tl.<m f 09r to iHiixiloe «i IFO<M ^ i^timtitt^il 0#f ttIL of iUMi^-
30 
of «i«M»r* ii^jHtit ttwlitllsr lae ms^mm^ ie unite in» ni 
iiiiNi ^ 1 ^ Jd. ^ ^ » l «liw«i^ m^ NeiMiiw {9m9m t « m ^ 
(Mift 4aissr iiiiii'iinim ia cfi nHi mmtiMilMKt ter 'ifiiiB irillHlititii of 
mk mA mm$MA iat« tut lMal3mi»* H ^ f isBt ^ i i f VMI 
31 
liiQ «8U9 « i i t« 1N» |» l«t tut IB ^mSt « • 7^« «Mi 
fitwfiflim if ffiiwwii KMttWt i 
QA e JMMpMtid stlxaMor l a an ! • • iMg^ Midi a Itefrjwwaoli^ 
32 
wi-^ 9 fi XiflB* SIM |R van aidiKl«i»»A tmomA ft«d Igr 
•ifti^U>tt sf Qsadi^ d I.09* V M gmyimicai tMi «iaa.MNi «a 
PI fl& «f ^|j»^iaMab<ksii»t m» iitfipA ioa ttui ««»p«iiB|jt]ii 
t^iam^A tm^hms fo» 4 HOIBHI* fb» ttm/som mm «QiUb»fi4(«4l 
on « ^jtfMi fUi.1i6» sBd «K&h^ « i ^ i ^ « i M lot I ff IKiQSL toft 
f Mt<res of Ai8tilx«A Hii^r* fli« tMifiieitt nmfmm mm t l^a 
8¥0f«BiAtd in €%mA r^Xmm «f ^teoMftlNi^em^^o lMiff«p* 
l « nttmHJ^ mat s^mufnm^ ^th inbiB tCf la i ly mt^jsmit flkt 
9tqfBis«4 T^ttttg «r lMipH!i&-tt|iia9MW WPS awi* laio a 9 ^ 
33 
flMi «ala»«i miff 09«»GlMt «t ft flUni' 9«i» tf #»|k| Iwi 
•liit«»Ni ^kmm tmimi maA$ m^ tlil« 4i^ tm^^mm^ 
t M «o«JUn ma^iom^ «iiA f 41 «iiii9« flM «««P«»^MI mm 
l^4itt»d oil isetfl^ Kitio irt|i»«r anA I «» «irfio«D& I^Riiiilii |MKi}^ 
mpiMKl aft ft ft4ftfa«»4 i@i«Mi tiwMa «im 900 aft nC 0«l « NP>» 
wm mm tmh^A itith | ^ i i . I«^M* m i 'ttisa tinlii i & ^ 
900 Mil «f Owl M bl«edn»itttt^ ¥)lfi«tft IB $S imA «feMi 
««ira»pift(i»4 iji tim mmB MEiev* f«' iMm mmpmm$jm 8 ^ fit 
34 
€l»feMA «t9li8ae9s« o«Xwi^  i^tli ft bet f«iiii«» of t X ? «n# 
UMI #QSL«HB« IfcsEfUig ft. flmg Sfttft «f 9 i& pm h^ws «MEI vnoi^t 
m» «Mni mights vitii 10 lA i^ IOM •fitUjltanMMUsg titffear mA 
UMA ^ ^ N t lAifk 6 lOL oi %kiB mmm Imitm ««Blfti»iag 
35 
AMiljrti«ftl mmm m Migittiiii Mile £»r %m 
tamnMOmA MMMHCttiJItt ttCl l i l te • t f l B i b M ^ OMKiMiHHMI jWamAt^dl 
3G 
iMiiilLiafc^y <W|i<|nnif fMrtl i^ A g^aKgm i|flA|HM| |liM|i|irlriHf|1 11 ttJUUMBMft 
' V i ^ ifliigflwdUi: Mill ft N 4Ml4mflPift fiff^ #lfHNir3UbiHl iniiMnf WMB^  
CAigMMiAtA «iitei Tfafcayi^  imm SMMVIIA l i t e 1% id t^ti liui i^3L9 
« i4 iMtt MMI«t«6 t« « o ^ «s^nii« Itai oio9«4Mli mm ^Hmm 
•awHwwi. so le «f £ldi% lii^SNw Hum v^pilsot i»r ioyu^ 
iiL Hie iNyMi WBf» 
%_f _ ft. f I^ . f „l^  
37 
1 ^ tf l iMMi |fi Sm e/^iifi^wm 
|§«f. fear 
iitt%£fi% mil 
f^ ^aMi ltd I t 
8)# 
5 ^icni& wm 
i W i r WW^ 
to ! • 
if#c tiyyi 
Iteigt iHUlfiflti ill .1^ 1 flii, toiti ftmrati M^Wktii^ 
Bie tui^ nae axttivit^r Has mm^yA m Qtvmi ia text 
8«0}t 0*1 » ^^Ljfmm « SaOH iKiff^s isB a«S « fO«$) and 0*1 H 
plioepliate «• I^ MQH tnxTfav (p8 11*0 «#f f v?)* Botli iiatlT« anA 
d«^atu«ea WA wse nsea m &iibeti?at# axi4 tO ^ ^ «cud« «ii»ya» 








































Wlffflt itf ingmftlM ginfli wmm ftinwrr 


























4 6 8 
txq OF ENZYME PROTEIN 
10 
40 
^ b i gadi o f t l l ^ WHj/WBAiA W^KSMlSSBk SiMBiW^li 3ilAINBif 
1^ «« 90 atmilett «l tte tea c^  likH^ alaoftt «U tim 
BiMXm to tluiek of tlMi p^^tm^ tomA ^ i ^ gul of tip 
I 
^ the aetim%' iitfi s«%aili»4 id ! ^ ift 1 ^ «nA «C ^mm 
9& iiAiniit®>» 
fliliitttin iHilwiii ittilwili wmm^mMm 
wxtpam 6 filling tii» ira^Niiw^ O0»(Hffi^n[^4s»4otl'ri^ 
flie e'took «eaeti<»i ^x«ia?6 per «l eontoisi&A 
%C9L|I anA t2 |ig eimAe wiJisrBe pirot^  ir.« f aX mllqaot©* 
west tdtMsoMnat tim ^m&lQmt®^ tim intmemx& mA ttm 
Vtitf^tm stoped 00 e^ 'v^ ^ (^^  text* ^tcr tvo lioiseiB of 




3 1 0 0 1 0 9 aiDV 3QVH VNQ iN33 d 3d 
i i l lg t i liBfigl^filili 
t 
aamiBi at IMioat®€ time iM9mQ3M moA itseajr m wme^m S9» 
100.0 
90.0 -
TIME ( m m ) 

1.2 1.6 2.4 3.0 
M mole DNA NUCLEOTIDE 
44 
'«o«pi0Ml te tlM» aQfi«ljij[W«d «iil»ait* Wm mmamt^ t^lumm. 
m?mmi,G^9 m%Wi^ l a tim sSb/^^m^ <if ai%a»« Btgrnemm 
%m aotivilir wi ttipaiiNt W l|g^« Sf^ HP S^ODA td iw 
«i9<»«nb9»a&«*t mm »mm^mammm latnndto^ to & 
fli» wmoMmk «lxtoM oontaiiiNI por tA, 100 m ^ 
ttolatiott «i0 Ai^ Mrsed ag^iast two «iiaii0eG of 400 aSL of 
0»0f ft !& l^©««ca. IMOtm $B 9«<0 OOQtoiaiils t S llT^ 8 iJBf A 


















t « l ¥ ^ 
1 m ^ 
















*jp'^(Wfc '^ IHHIPMW'^BB JW"W ^ ' * ' S F ^ ' ^ » 
f Mfs© 
ndUffmi 13^  
lN»iiiiilf«iffl|^^ mA Wm 
K 
In 1^ *m^»^* mmt<m« wm^sisi i» lai mm&B 9^ 
I cfir t tm* 
«^i i r i t | r i^ soa 1 ^ lMi|}igrjy& upSHMi* ««i«ttei 1^ 
llfliaiiiii?«^^ii?aiairAffiig<»f MWM 
$9 mi^  <^  pe«iteiii m» fl|^p3l«d to i t and tim v^tan IRRH thm 
tftc« oolloetea* I t mo ttii» 9X11^4 mHi m fOd oa. BftOl ^^ MiAlo&t 
of 0«0 « f *0 K at a fXov sat« of ^ al^s? oaA 3 aX f)Mi(»» 
tioss if»r9 ooJJLoet©d« 0*t A of oaeSi ftttotien miii a08ii|x» 
«A f«v pBQteiA and ena^eie aetiirl'^* 
luoloado ifitlvity 
froteia "• > 
?-^(W)|3DN 
o-o apijodpoN VNQ 9iqn|0S ppv »|i>W i f 
4n 
MM 
I R B I I ^ ^ H^BppP'^^HWP^w! ^WWF'^WBW ^ W ^ ^ ^^B^B ^|PW" ^ • • ( • " V 
8^ 
«j«ll ir.^ fffir ttl lAii@t que 





tWKitOlil HQ 1,4 4481 ^m «dl m I 
SI M 7 I l4 f 98«4 tl«i4 2S«9 f*S 
i^ax iA f ^ ^ i t f i 4 t i ^ l i ^MQ ti«:» 165 
«IMWM*I 
'SSUSMAAJBl^Jtal 
01^ •» Afti^iii^ la ^mmy;m*m j»mm %Qm «i»9»i i«»» 
o—o 
Distance from Top (cm) 
o^ 
iif ma^fm sKet«lii mm iMmMi m muM. 9€ ^m %m #aii# 
^^^i^P^^MH T^^p^^^^^^^^ ^ ^ V ^ ^ ^ ^ ^ M P ^ ^ ^ ^ P ^m^^^^^^^^ ^WWW^W^'WfllP ^ ^ • ^ ^ i ^ ^ ^ P l P ' P ^mipir<ilHIHiHBl ^^^W^pwi^PW^^^W(i^^^^^^^T^ ^tT^^^^WWK^^ 
53 
mm iOtto «%iN^ 0f#4« 4 aiMiXm ^j^^imm sB olf f ^ f In law 
imoift»8« of iMlKS 9BA (tOo> fli^asi fa I^ I&IIB * mm^ 
mA m m tm»H<m tsi %Mmmm$ l e |it« 4i vvlmm ^x^m 
Z% ti^ MMtffii^  «^ !'F&ax» idMii tint iMfat pNTn^i Immimei^ 
« 
pfotola ott t ^ ^gsoAotioii of nt^mm mid ^tomiita auu 
mm» mo o jutooov «oa#ooo of ooM @o3yi^B&o ifiA 
»noaooti4io nm oitHwr imdMiiwKio^  lOiiifd«|^ «i iMQwolot 
l^ffi oovUOir ioiiossiaitt^ ^10 ««|» «f luNteol^ Tfll* of 
l^ mo i^atid uik mm gse&tov UMA ^wgl of trntim mti. 
0«t iKg waiifa* |aMt@lA M i iMMid pax mmsF aljctosv* 

mm mmm «•* ammsM^ m v»9 turn ttttMtaii 
Bmntni^i 914' o—o 




0 1 0.2 
Enzyme Protein (JULg) 
4mak%m9& miA mum mk m m tmmU^&n, ^ t iM* M^^m^ 
aisioft tiM moi^ riie «oKaii& 0te^« f o» noae «iiagi Jl lM»iao 
mm ftf HmMftllifi * 
pex9^vaem xms!^ of 20^ to 7#@ idtli 1»^ sfttlve i«u| 
Aoo&tiseed MA at fB 10*5* m ^ ^tli subataateo ^lo 
yijggintfo* 
movk «iNietioft mxrne^* mmUUAm eitlMir luitivt or «•* 
wms% vi.^ iftmwi at dil^«resit tiae intasvils wmA vtadtion stepped 
UtttfttoW I^ SBA ^—^ 
40 60 60 100 
Tim»(min) 
120 UO 160 ISO 
f^r I hows at fiiffevent t<»ap«mti^eee • otlic^ d e t a i l s «««• 
Baffle 80 b8fo««« 
fiatlW JPiA '•«•• "• '"Il"""" • — • 






























8- 1 1 1 1 1 
20 -30 40 50 
Temp. (*»C) 
60 70 
MtniinnllMi ttf, H ntf 
l«<i oftXd S| ma^i^mm 0t«»fti^ !4 «o«itlaB baffoir (e«f li oi^a^® 
Um^ of M10 Mira»iii« matrn of l»| ntcaf>0M> (199) MIA latt»» 
^«|9A toe tuo lio«Ee fl* 4iP3» BIO aft&A oolnlMi seiiHe&aiL pso» 
Temp.( C) 
6i 
agisting tesi^ i«ni^ ^»e (SK) of MA iff lowvNt if 3(0} • Xt 
0«O€aiiaar atiniet»x>« ot native MA i» 4a»w»0ia, to M»eb 
pQMiiUaitjr «K>«ad %e ^ ^ «rftlJ;>l>Hi^ to 1 ^ «Bi^ i9t ot 
sjjios tbo aeitiiig toiqprt»mt«e* of a i i iff t»^mm$.mA t r 
0 
S| wkBUmm 4t0»etic»i ( t f l ) Iff XowmNl ^ fm3i^ 4 <» $ 
(iN»ff f i«iflpe 14) «t |6 |0«»9 t l i i i«it«v yoiifftMlitr 
•99fffl«» to 1@ a a«90 pl«MMlia# ME|£U£)ft^ lffiB« 
S ^ i»iporijiiiit fflkoiift iff f%gom $9 i«ff iMtfslod 
o«it off em oitOBiit to Aaa^^itsaio ^mt t|i» postiiO^ 
4ffoto||iai&fttioB of 1 ^ ffoo^atfitssr otrtiotive of tefCL^ 
IS i ffil sit 10*5 oimtvilyiAeo oiijftlfioeiitiy to tiio hXf$MaB 
gftii tr mfBiMiM ar 
file stttdtloa mUt^tam ooat&lxiftA jte 1*4 wSU^ 900 |i« miieti^ 
his^mm wtea mam 0#t a fria» HOI |fi 8«9 anA #•! il flM^liM « 
SafiR p |0»9« BMMti«B woe iafltilMiied at 97*Q fov I ^onr* 
8«t£v« £BA ad |B 8«f - •—• 
foUw mk9^ 0. tO«9 « •—A 
ato0MaJal»4 JDVA i^ p8 S«$ «» o—o 
OroMUalMd IB4 at 16 I0«9 « A—A 
t 
Silt Maotloi^ «i«tt»[» ooataiwid im t«4 fli.*^ f@0 ng ««iie^ 
tart•xe vt^A wmm 0«l a Seii^ WSk id 8«S aed t« l B €8U^^MI * 
B«tJLT« mk «l IB ©•§ * • — • 
SKUVO MA «t 9B |0«$ « A—A 
QBomlUmi^ MA «^ pa 8#$ m o—o 










0-4 0-8 1.2 
Enzyme Protein (JU.g) 
G3 
UiB^a ISA C44^ ) 1*0 ooeipwioA «lf^ tiMi tiimiXm miM& 
fiSAf oBl^ r tiw «(£ect ^ ii»ai>&«iM ia |B ^ tD« «&«imi 
to i t e Mttvilgr* &in«@ 1 ^ m^m^^m ^ W» mmrm 
i# IB iO«9 WOB f o«Bid 1i# ^ ipn^aii^ i» f lie i«^« «f 
Urn mmaat of net osljr tiM i^««t ^ jfi <m 1i&« «ni3^» 
In tiio wmmttm of •offftoiei^ icmio otvwpie!^ ^lo 
•oooniMsy otptoimo <^ MA iM ^ ooti^li^io^ oiii^brijOiaxy 
ooiuiiAiaraiajr Xo«^ totapoffslopo nmi tiM> Sii (192^ I f ?)« 
Zii m^mt to fnstbtr «iq@iLOiro tlMi A^oo PNHi«aii An tfeii 
G4 
17 mtm mma^t <i«l» x% mp •wsaMiff <»bi«eftiMft (iPl«ia» f?) 
mui^ of m.tlm MA ftmmm at #^0 %otii w»^ 0i@4iaar« 
of o«f $ a iSMft* j i 4f^o« lw«tti lA tilt fKeMtiM m6& tsmmm 
«t &aXK» tliig mM Hf Aigv^ittM^ <^ dOiiiidtaMlA MA W» 
16 A «ii4 f t 4)# M ^ 0 Hi idMi 9dimmm of salt ^ i»e HWB 
fio 4iffo«»@oo )^«tiioea islH» ] » ^ «€ ii9r«»ca#^ Le of ^ 3 two 
8iil)6tva.t«o a^ OBi^ ootoa* iiamimi» I A th» $mmmm of 
O^t «!k& ma^ Qt «08Mi4Alllioa 3f #Mi«t«»e<l WU. mm wmMXi 
fooBd to ^ &B»t^n^ m%h a M ^ e of t«5t lio Is^ippwt 
tiisu to ia»o& liiffi tito s»0«««ftoo of mSL% tmWKmmm tuo 
dotkot^ OKKtion of »atlv» » A «l 60^3 «ni tiMRiof <»BO pttrtyoijr 
0iao3io «t»t6^ N»d so^c-ne «r 1 ^ oleo«4r j9«oo«at o«l«9s»i& 
tocnlMy «B ^ 0 oaM mti^ 1w^  oaeo not acft^xdn^ to 
t ^ INUMsySM* 
She xeaiat© i»oo<«al«4 in ^h0 9»oo»tflJi|r ooot^ cm 
iadioado ^tftt tm mmy^ io faleljr lioat ot«d^* 
in^ivo IS slioiie tlio itffeot «t m& of iMttlMtloe of tiie 
* BHiil fil-i 
SSis ivaotioii ttixtoM la I l i i «(}i&taia(id 900 ^ 
ISA «iawtxa!t«« 0*1 @ oa^ eijiiewiBaOa biiCf^ ja I0»9«t t iM 
fienr* f iA iMioiB tlit iatiibft^iMi f os 1 lioiar «l 4^0 oiiA 
f l^iiM l is «lu>«3 tte iiumlitttioii f «er t teiiar « i €0*^ 0* S«io« 
«lMi «ii»iifit of 9m^rm^ mm m^A in 3 m mis§KU»A to A sine* 
«k iC^O tlio tMimt of aoti^ity l& ^mmlUmeSAjt ^^ ttiMi 
«l 49^0. 
Xatim* aiA"" «• • — • 
fieimtfBrod aiA "11 o—o 





Seiiaiina»4 ISA o—o 
•PUOfiDnN VNO tiqnios P|9V tlOH i f 
G7 
1^ Mmtm Imam mm t i i» T^ «r «iie •«iiiri% i» tm^tAmnii 
mmm «l a 9e«l« of i3$& tliwl oi $m^vmti. ISA* 
Sb» «iatt%ion alxtttxe iMmtaiii@d im I eSk^ ! ^ )ii 
t ttK ilsOlg* !»«» telo&t® ftT the ^uiras «n?e ppftlaimbiii®^ 
tm UiUmtmM Urn iiil«e«a3Ji «l fr^0, ff^O 4S^o «EIA iSl^ @« 
tat^d mt yi% tm I lime* 
100 
Timt (min) 
mm;fm 9mt& Asa* m oivm. iM *mth»4m*^ mim 
•(iltiift alsliaM^ mm isoaM^d fin? I Hoor ai 9?^ 0« 

0»l H m$9im m nam Imffw 9^ 10*9 0#t BS %(a|| «M teBP><p»i 
02 0.3 04 
Enzyme Protein (JULg) 
(900 pg) nMM tiie ««BB «i ^oTom l*e« &•! M dSUr^ at « SaiQS 
jjgnaioata 0 A * o—o 















iwirt iBftfiialiilitffiii nil i^fflwlliyii flwiBtflii. * 
«Miin41tifftfift idlii iiiamaftlait ocuMiiaitttliriililoin o£ dwuituawl attil 
MA curiae iuaf n^iglaal i^t2oolt|r ia texai «f «»I4 
i«»ttlv«ifi itfi voxx ttB aati'i* WA ffl«iaMi 25)* 
m mtm in f%we i^/tlt* iiMlt4ai. maooitgr iH i i 
ldi«l ^M mm^m @e%@ ft&ttOMNi «l ft apoJ t^ivcOr Xovnr 
tiMi atiliw ISAf is^lriticm S» til* f«2«<^% ^ ttM «iy^fat 
WLi«o per aO* «^ ^^^ ei!^ «t«M!#0 in fioMvii Mk thm 
/ t 5 
fboM tmm i»m&%%m&€ MA and ^MMM i«flgwe #UyKiwttI»»> 
«i«M ham Hi jteluMt^i^ Aff^^t «a HIMI i^iptt «mYi%jr# 
flNidtiioio of «iiii9rKi^ io lurdisol^ i^ii «f saellaw ant i«s«ttaiei 
«ttidi»d with mu mft ««ib«tni^ fS* ini t ia l mU^l^ 
ft«B%&«» ni^ tlkont B£tA In e»le» t@ »fiUMif« a^r #aBlwiiai^ii« 
«QjqnH» d<MiS 110% «iMaiwt[Mcii «n ijto«a.«l« itfi^iittamt f <m o& 
ftf iBjityiitt fimiiintiirtlnit m 
mna^iamA MA «» o—o 
)J> MotA Add Solublf DNA Nucltotidt 
t wytiii^teninmiiitt MJULim 
fhft KM io e^ffrnX to 4 s t O ^ ^ 
satiire mk - •—• 
IMoatuCoe MA m O—o 
TSI" '^* 
m PA flamaigiitoi 

























/ 1 . 1 1 
100 300 
JJ^ g RNA 
500 
aalAidtt gaf n a f w 
Ste la i s m&itA U3 z ft «» 
[SI '" 
OTaiMttfcItt fff te IW 
f$m la 16 •qual to 9 s t# «» 
[S] xitr' 
78 
OQOCMml^ »sktioiai oT 2 x fGT'X, V f^f^ ata ia 729& find 9$K 
ix^l^tos@ at tbaaa a<»o®a!tBa(lli<ma* UtidLt alaa haa 
«& iidilMto^ «ffaot om tbo ^ativi^* She laek of lai 
abaoittia sa^alseaanl fair on aiAiNl diirale&t Motion tim 
aatlirity aad iaiillsitioii %j^  BISA ai^iaata tlia i^oaeit^Jl^ 
of ft tii^tS^ INnmA mtal i^ R to tiMi aaa^oft* §«3Ll%r<>ar3L 
bluidisg coQjgasitii Xi3fi« JMat&yaumllaiftlite and feaiatibijowmm»' 
0vmVimmoaM0 had 119 atraot* i iaa auailigriia^ daaosa « M ^ 
aa MeiioairlaatheaaX «id isS^aia t^islini «»« i&ti^tst «^oot» 
ms6&tmM^ tliam€<»0|i ^i^ am r^a^  doea not S!»<|«iisa « ^ 
gzruf^ fair lt& Qfitivl^* Addition of coditm iftioa^ata 
emd Aii? olaw aid not litiar@ oasr aifeat <m tue eaajnai* 
mo aoxoeuxor nei^jht of tim laanral aaaiaaaa waa 
datG«iil»«d isg" ^ X filtration aaacjsding to tli@ ^^lod ^ 
HaOmm (I5SI «oi&6 a aasliadax M ! ^ (f s 4§ «»} aaiam# 
fka «o3.at»i naa a^ttiii^iraiad i d ^ 9«0i H SsUMIfiH Imffa», 
lH 7«ef oaataiEang 0«f 9 H MmSIlm !I0 im af ifoel^iad 
iHBA^ sia iKgi otoosiatog]fa|iif»d on tiHa ooiina jpBonrioaaij 
at^Iibsatad vdth aaaslMm sa^oteifiO, oartoohseoaa^y 
«ahjrae«s^ pai&oe< a^ A aikd OiradUmiaiii of leaom aal«o«a«r 
Aa4ftf^ty I 
isUtiiEO oontaioistf 900 m ^A« 0*1 ft Ol^e&M * SaOK }MgtBT 
IiB tO«9 and tbe iaAloctleA aeioimt of vociotis ts^OKta* nm 
s^m^Um mm M w i « d o«l lel 97^6 itar t lieiBer* 


















* « i 
imaai^ 
SSISM 
I M l 
181. 
B£t4 















S« l t f * 
< «itf^ 
• • f l T ' 






















« o i | ^ and stolE^e iL«a4il BXtillAi «•» psiet&ssmA idlAi 
oiOJlffoted at a fXov isnte of 15 la p«? iMlw* Vba isoxtcev 
2i0iai^ *e method (t2€| eiMl aaoiaoeo aotliritgr mtf dfttosBliiftd 
lisr tte u0tial «ta£4iu?d liiaiur svooodsre* Bin© I»j^»tgi 
206 (fhar^^ooia), to dtl^sBliie %}m iro&ft t^ ol«ci0 (Yo)^ nail 
mamamA •% S ^ ia« ll«ti<ai pi9^U» of ai,iift lio]Kt»aeiy 
aoxfe» laeotoifio end tito XearvoJl aMl^ MN«« lo atiovi 1& 
figueo i6« Wm esX fia.^eat&oii iai« of i&mtxl anoii^N* 
md £iiB?li:£'i» Insole 141^  mm @iir6& la teniae IV* Wm ox^lum 
ir«Iaao of Tasdi^ iao psot^iao «B0 fe^nd to l>o w^pio^s^xWjo 
in t«o oon&Of^ tivo oa(pi^iai&to« 4 j^tot of Vi/Vo VH %^ 
aeaooulor w i ^ t (fi^ ^aro 2?)^ aeoaipAieg to t ^ jpoooatnpo 
of iatiiSmm {i%5) oave a otttOiiiJMi Mm* to^t& I^«UM 
(ft) of ttw «ili&m ino Ml<^eidiiNi dJLvootl^  iiitii imtov* 
flM olutioii vo3i««ie (va> of ^fofi aoSUile aoiio me tr^em 
i» 9XX MMBoo 80 tho «<fXwi«t $oc^ pottitloii of tbo aoyJLiites* 
f&» foUoviag 0qvitMxm #tv«m 19* itoMwat a»d EUxaaior 
(1^ $ iRio tiaed to date»^^ Ssv • 
?o •• fo 
SHo noaootOev «oi^it of l^ bo ons^a^ nao aa3imaiiloA to 
1)0 18,200 liar tiui ia^ afft^ na (13?) pro«t#i»«# fb^ IP»X 
iBfiiiriMnmli iTmliiwiffl t 
mk the <M90 MX«Mi (|«9 s 4$ oe) litloii m» ^pU&tetiNA lOiA •Xiit«d 






























ioA i6«oaKtiigs^^i «a ft 9m^im$m, MOO 9^li»e an 
•Rt^MI 1H« ft^lMltllA to IttOftiOt f«et4al. 4 l ^ e t « of £B4 
^is^BKito^ V ii^d ofi & I X 2S «a ooXiuai oquHliiiei^eA w i ^ 
wm «Ma@ro« t ^ di^ i^onrJUifi^ isBO j^MiiiJbp* m^omitiXm 
m^ tmmoA of jatvow i iM)« tXot of ToA« •&« i<« ao3.t 

































9iOf«aAi»&ft 4:^M» 2*t9 t 4 i i i ^i4f i i t *a iB 
fa^^o t«tr t iSit M^M( ^ i m 
«*MMMaaMWMM MWaWHMriMNHNiaMIMMMBlaHHM^^ 
8 o 
|}»iiat«»9A DBA and n» imnmamlM<i^$j&m 9*AM? imm 
the f Jb9c^  ptak in «be ?oi4 voltuae o<»£«ep«»£i4*d to tiift 
poeltios nf Z8A ocd l^ w d«oo&d p«i^ to tbitt mm<» 
Sttftleoti4o* 
Al tlMi mx& ^ %h^ tlm% f ife MmglKie o( isintNbo 
Hon ^Ojr 2fO# of tiit SBA stiattlaMNl in %hs void TQIIUW 
an4 JL0V99 mlwaXor WKL^ t satoital of vasiouo siaee (itci3*ted 
tilt ISA i»E> found la tlio ^mi& v^lwm vltli m oonooaltmt 
iii«x@«0O in tho loir aol^otOie? w l ^ t fsngi!3i^ Kl&, with n 
fnvf^ir MiAftis^ cC the nMoif p«aic tomsdii A^« At tlM 
«iid of ^ end 60 iiiiiiit^e ftlaoet alJl of tito n«l«rlal 
«pptase no m i^^^aotrio a poidl id1^ iaaet of the jaatorial 
onlj alightXy XiKi;8&r than tliO Mnoi^ iiGAootide* ftm 
f a«t that th» ]p»od«ioto of inoohntAdii of USA mth tho 
mamoBp iditn S^is^ a^ togempl^ ody oliil^d fssea tho oolnan oo 
ft ttim^ia p6«k tliooo po«iti^» ohiflM fkron -ttiai of tho 
S0A towiif^ tho pooAtAon of s)^ Mii«t«3.ootld«8 i s ooneistwit 
v i ^ an ondoittiolooaytio aodo of sotA^a of tho weu^ rnis* 
Bven Qftos 1 hoor of it^mbatlcxn {j^Upsm 89 o) tho ouio 
of 1 ^ srodaoto dooo nat oo»moi>ond mLi^ a8i^B«oXootide# 
Xt io th«s8f 03B0 oonoAnd^ that tho mmym hi# an 
Otf m, of 9«AW Cf !«/«&} vMNi i9liU0« (19 ft)# nm mtoMjm, 
0*7 al ttIM[ii»«« i f HiA mmUoh alacttttti « » • idtHlBftiB »% 
9 i^aaiM (19 %), 15 alaato (1^ 9 •}» 90 •li»il«8 (19 US Mi I tmm 




l4 . 20 30 
Elution Volume (ml) 
88 
Xft f i i « i ^ ^ » tin* «ow»« of miJMiNi 9i 
1014 a«it«« ISA iM«v« ymtrn wui^mmA vm%sm i » m i « m i i • 
•nMftBl4i«@tt Mr Mw iiiBv ItfoiA moBld not AIMMV A ftijiiib» 
mmi»m^ i» m li&^ar ota:^^ «ftii@na(» cptoiaUy *^ 1»» atoaed 
& • MPar pson&^mm for hath mm^n maA ikm«%m»^& Mk 
mm m i^&^ilmt i s ^mmmm** U^ fQA ixmtkw® MA A A » 
thmmttsm^ IB4 o—o }mf f^ fWk • ^§ ^mmX rna^s^^ warn 
wmA C«Ative mk A ^ « tfmaatosed ISA • — • } to s t i^ 












ep»»oepnN VNQ eiqmos Pjov eowi f 
90 
I ' 
«lwl t te aea«3i««ii« atfUirity SMWUI04 a«i^ly wi^liaaie* 
in^i ia mma» aidM v^A iKmleate at^cNl «! 0^ im mum ^kam 
I :gmm* A tiqrpelA •» 34i» aikau^t imrltaeii «tttiintjr iMi 
QOtmi4tswo& i t of i&t«>@et to 4»^mtis»i& tt» &tva0%vjenX 
^M SB ot til* a&AMeut ooal^at* i s «so«Md t#9* 
f i^wi IH slioiio %lm mt$^n #f tifptlii en lOm 
w»m99A «l tf^ ielona tiae lntaifriOji and «wia|f«Mi fo» 
WMleaiM Mitlvil^* 1:1 tli« « d «t 99 aiaift^e ONHNNIX 
9SL&m mutw^ ismUi lam oC m$%.i'fi%jf niimmm ic tiM 
M»m tdtti tjqnwto and i f «l cOJl « n i i^^ pe^eoti'f* 
•ff»9t «Ei0 •»<«&# Shs»« »i&ia.t« e«fii«»st limi sitimr 
tb» leoBwaX mm%jstna% 4omi sot ham m^ eitee fo* t»3rf«l«i 
o» i t ie sttfsimotosy to thle pr«lea@e* 4Xt^ Mi«i#i «» tuart 
t 
9mmmw^lM jSasNNX (iO pig) mA immSL HMSUNP* (19 md 
iM e«lli M SiMNieaiL }mgtmt ]fi e«0 «•»• iJMidNiel^ A til v9im %mam 
Aft tbt indiftiittA ^ictewils 0*t A •li««9l» imit Mfliofvd tmA 
aiA«d to ^ » flti«Id«ii# «»aiitMm ajUKlise«B« Iite0e«i: vm liMiftied 
]8«B««s: with f«r3P^ «» • — • 
ISaMNiX «ltiM«l fKSrpttla «» O O 
Lisrvtl. latXMfB* vitl i fj^TF^la « A—A 







3 « s ^ aaouBEt of <iaarboli3Pd3mt« pr&t^ts tli# ei^ita^ te«tt 
ppotdolirtM l«r^i!0l9«ll» 1^ 1^1341110 tilt &i^m 
f :^ i>a II lMpi»iJ& «• atjplkaieiKNi <MJLi^ ii ««M» Q3JO»6 idtii «Bijr9Mi 
l!«%9tio&0 Wis» al0o A«te»Baft«A» Ada «9w lOsett yan**" 
yfeXm «r 9 ^ f IS? tbB ««elNriti|r<^ M«NF «i8it«sit ^ pmif i i « 
XmfnX fm9X9m^* sMiMitmaX t^fi&mim tmt tim pmmmBm 9t 
^L3roopi?ot«Ui@ Ase IEHIMBI to MM »lirafi@ljr to f a^ liCMi 
lootlsft t!is,^ti^ tb&is gl^mm^ w»iotr (14?)« t^slfloA 
Oitf^ nw «Mi oipplJLoA to « t a l ai»M& ooitkosooe oolsm eeA 
m 0lv«& if i t«]t6* Oft i t 22 % af iit%ae 9«&t@Jl& wot liMtittf 
f tfl aU«iiei» c^T ^ 1 * SAW Am«%io»G WB0 %tiBm for |»&to^ Mii 
tr«tal& o—o 









0«9 If SBOL (10 ma) mA m0mmiitm^3^ « l ^ t n tfi^meem im 
Hit n^w iNEefcr (6 «!.}# Sbft iMM^ mt Mt iv i l^ «9^«i»i la 
* 
I 
iKHUf i»4 mm «itii iMB«»»aii« »ip9«i Mad xm9»x 
10 i^ III « liX HM aiA i^ twwtw- wmm 4m0mBm& ^ m 
mmmkttsHiy v^ptii suit lif aftMi»i€ iMi»$% tm ^mmim^lML 
aail i* l»4* »tl« i» petaiiiinliljr AM to «IM Mmsdi Huii 
lOlqri'^leii 1^ d&avtlirl »ta]^at« »^ «a.lMi In 1^ 2t««)t 
ef tMi •esas toafftv «EI4 tl^ttlsd with f A ei»»0se in ^M •foiUli* 
•sfttiiS IradCCiv^  9«9 al fvnAtionfi VMW MlULMiteri and iioajr*^ tmt 









6 8 10 12 
Elution Volume (ml) 
U 16 
{ffftejOiTBiii ftf TlBTtoftfi Wfi 
t 1 ^ %Olg tm tlm 4lkaMiio BI2OX®WJ« «Kaar« f to £B«M«X 









•Ml fiTmli#t< i^ i/imMlimSt%im. of niiaiMii iniililiii 
imagbtiaNMi liseviaff tBuBBftl MMBiiMi mimtiTiiiiiiiiiHri tseuh ai 
my 
ia^H^meUm ^ i^^ l^ Ni «t tHi t a i l UMi ^MI AtttmiM^ 
m» •a^ pMstJwtMiii aiHMti>«i lA wmsAxm wesm 
liMiittiifliir i l i m i t *^^ * ^ ^pidymi «r ^ « 9 I P MMM 
98 
In tOftd im %m 9i$»»Mam WHSUkam $M mm wMmmSOm ^ 
iB IMI Idi ^M iH « 8 ^ t l , ^ fHoCUil iMtfsm M } mt9 W 
MlNl SSMWiiiilHI' lift UMl |fg||||ff>^ WllftTHtW^ SNi |Mwj{)(jMf|%|p«|Ji 
liMift a«i««i mskt. m tSmmO^ 0Mmmm% im tmMm^ mm 
mWtfMHI *iw> l i l i f i ' <i*MMaiil iMI l i t e jMkggMA|||uyu. ^ | . '^imamm 
,|iyini^i|ii|yy nnf '<|t«Li(iiM|.^ ,yn| ^ 4fRyi^iMMlMyil6k AMU %9 U t e i MWMMMIi 
Xt flM» iMi a e M I O M 4 *fcMA idM mssmSk wsKOlL^mBm o f UMI i l iSi i 
mk l^6)« l i i s KMI m9 fmmmm m wm. m nm wu. 
99 
tmmim^ mm to mm^iM^ «o to ni toiiBi* vmMMM^ 
inMfta 1ft «wi tiiiiirfiwp» nif lastoMMifi to iHttfer to* 
0t«Q(itii»al itm^vm^' ^ tto mSitoiNi mA to i ^ n m to* 
aaittMi of to* mttot»Kto n&to «i»9M« to Ito tmmmi$my 
« i l i i » «» toftf m» toi»iir«Mi wtottois^* 
^AiM^kdft md flMMBer apoftotoo iiyuii iittft to WBUU 9CMwl!«ljr 
MHMBton •niisiHito i'%nit%i*^ ffi#ityiftt i to ssNitoto itonflton 
Jlpi^^p^p^ll^pnt-VwIRWVi ^^^™w^^^^^^ •^^^^^P^^^' V P H M W V B I P ^ ^ ^ V •"iwwqpiWHi^^F ^WHi^^^^^i^* ' ' "^** 
ttui ia0«A fii^ ifl^iflJLto jifl'MimHffiilP"'''*^ '''**'*'-- fiii toft- tossiHyn* 
iiiitmt »t 8iK^ l«asMi ^oilifity i l i avi toaft to impmeim mi, 
mm igtmm^^aim ftXitl^ it i to» iMito# iOMs^ i U . toi 
i0)lEDfiitti and van as% ^miiifiaMNl -aiyf ftotowers rmwuiiuiMT 
iA 4iNw%fil-f»*' fli(M.lifeiffnnl aattUMiMMi ctf tosBoAMltoft otn^ttto 
iJO 
«C iSm |P»itlM amOiNPtt i*4#^ w$tm •^^lAX hmm 
wHNMiMNi mm^m mm^ii^* mm Itmm pomiXOM^ m» 
mmsm wm ^mA %o> %0 svAMMiCMy to 1 ^ ««liiQft «f 
l»ariftia ( to b» ^Stim»m& la^^mU ^f^ pmiiiMA mmm^ 
iMWf»w»iaioi>^g Oft at^iiift i^^ Mi ft m^tgut ^mA wm 
miH-iailt 6t«»ai»i£m i f cnsTt «»» »>% «ftio«iwr«&# M ^ 
4mimm!*mm mtm %AmMjlkM mAMk IfimiMtifttk mi l l i lT l l l l l l l i f t Oft 
IftinitfliHifti m^KlftP* QlMKVi pm m&t m m «r i«oi»ift^ 
i iJ^tt Xftflsmmi OS? Hie •«»••»•••«*' mmfttane og mt&lt^3m 
«^ Bsg Sftir mm of p^i^^^e fo» lA to I M oaUHH^ eo» 
l O i 
•^WWWi^** ^HwWff • t P W ' " ' •^up^^T"'^ wwwW^t^M^^M^^^^Klfi ^^IWwWW 
Mi l fOVnd to %i ^ ^ SlMMNP^ 
101 
i p i P i W n P M I t ^pipi^^p-wWTl^ ^ F ^ F * * * I H W IFflP^^P^^W^^ ^ F Wii^H^ll^^^ ^i^^»^^^i^F^^ l^^^W^^^^F ^ H i ^ ^^^l^^^^PWM^^IiPf^ 
flM) ffitiTitftTiwrlHfiii a a t u t eJl %bi aMadiMMi anA 
•klflttliidlfid hat Mit fliul Ittrii m ttnMMacfjBtflMi £tf f»iifrt>tftf 
%ii tliift iriHI^ IBib 1 ^ MnJliNBitJktsr iiil|0iii( d^t UMI iwiiliiiiT^ 
103 
mm tAm iMie^Mi* ^ANI mmm^S^cm mm MA 
wMd^ MMKi (14% fso)« wm/^hm ^iimit«»i»&tly»ii «f ^ M 
111 1 rffWfttlim1i1i#fi sflNklteMtHMi m i avi anii* fltoiMWint Ifeui 
nviM p«i«««^ko ^uwapiNl^ Mmii««fMMi H P n ||ia)» singSbt 
l»»v@sLt i t t»mi £«ot9«S^i0« mi£t i4»ft il l ooafisn&d l^ r 
1^%€f^ M0^^^ satustt nt ^)|ji ai^UHifii to |w&t*ol^iyi 
lar t«irpsltt# fbe ^ijroi^ive^la lyitnve of «li» tMyao la 
104 
|IIS6%M3L|r^ll #n9lXKMUMIlll||i ftMKliiMMPi lM9> liMlliiCkltJIllli^ 
ixL i>*itaeft flit fiiiilifiliyflimlia i i i i itf i l i i WMftSSMAtii &ii i teiHi 
mai l nil ififf vaiyyii te I A M I i ^ ftliitiriliihni iMi»'»«MMi jyi tiMi 
iml^HimmMip lAth t in i ^ sot ti*3ii» mus&j^iam ^ Itte 
105 
M M I I lift M i l ^ fl^UnAilMI s B XMBigi flMt M S 0^iljft^S^SSft^^ 




tHint l f l i t f l I tt t l M al40i i l jontintiii i f ^ » IIMPVSMI « f 
fiptml Itflwi IflEHf 4t9 iitt^MHU^r i i i l M H f«%fjiffifli gigfl. iqr 
K^^"^ !t!k ^^y i litt^HMMIV tt^nMBtf&.V #||%|[t-w#A^j| Itetf S l f t A . 
UNI iMwwgft—gi M i fllwmi « •im^k$ pwMa 
« i aafUffift irfflirnitififfiiHt M i . i1a<itif<ii>tiiiMali i 
H i i i M i i ttSfliA Tijinniitiiiii atMi^ iMBMi MHtl'vi'ter M ^ I 
OMkSILMianB f<MiitiiiiHii»v SJDB) M M - MeMMMMML* <i>tji 
M M l i O M i «« te i M «» M l ^Mrt^lM««l» Mf tM» 
107 
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DEOXYRIBONUCLEASE ACTIVITY IN THE LARVAE 
OF THE ARMY WORM SPODOPTERA LITURA 
S M H \ D i N S AHMXDand \ A W A M 
Biochemistry Division Department of Chemistrv Aligarh Muslim L niversitv Aligarh 202001 India 
iRmiud 1> Scptimhtr 19''71 
Abstract—A nuclease activit> ih C ^ 1 4 s) having a pH optimum of 10 S was identihed in the midgut 
contents of the larvae of Spodoptira litiiru The enzyme does not require the presence of a divalent 
metal ion for its activitv but is stimulated by Mg * It is strongly inhibited by FDTA suggesting the 
presence of a tightly bound metal ion The en/vme retained ''0"r of its activity after incubation for 
^ hr a( ^7 C but was "^ O^ r inactivated in 20 mm at ^0 C 
Ke\ \\ord Index Alkaline nuclease 'ipodoptmi litiira 
larval midgut 
INTRODLCTION 
T H E pH O F the midgut contents of the larvae of 
Lepidoptera has been determined to be between 9 2 
and 9 7 (ISHAAV A ef a/ 1971) It is not surprising 
therefore that the protease present in the gut of the 
larvae of Spodoptera litura has a pH opt imum of 
II 0 ( A H M A D et al 1976) Thus it is possible that 
o ther hydrolytic enzymes present in the gut of this 
insect may also be optimally active in the high 
alkahne range Nucleases having unique substra te 
specificities (e g enzymes specific for single 
stranded D N A ) and unusual pH requirements are 
important m that they can be used as biochemical 
tools for elucidating the s tructure of various nucleic 
acids ( K E D Z I E R S K I and L A S K O W S K I . 197"?) In view 
of this we considered it of interest to identify the 
nucleolytic activity in the gut of the larvae of Spo-
doptera litura We report here the presence of a 
nuclease activity in this insect having a pH opt imum 
of 10 5 
MATERIALS AND MET HODS 
Rearmn method 
After hatching the larvae were reared at room tern 
perature (30° * 2 C) in a 2 litre glass j.ir containing a layer 
of moistened sand at the bottom They were fed daily with 
castor leaves Only fifth instar larvae were used for the 
preparation of the enzyme solution 
Preparation of enz\mc solution from tht mit lontints 
Twenty five larvae were used to make each batch of 
enzyme solution The larvae were dissected and the intes 
tines collected in an ice cold beaker Their contents were 
squeezed out into 12 "> ml of 0 1 M glycme-NaOH buffer 
pH 11 0 with the help of a glass rod The suspension was 
centrifuged in the cold at 3()0() ^ for 20 mm and the 
supernatant used as the source of enzyme 
Determination of nuikast a(tnit\ 
Nuclease activity was determined by estimating Iht acid 
soluble nucleotides released from DNA as a result of 
enzymatic digestion The reaction mixture contained m a 
total volume of 1 ml calf thymus DNA equivalent to 1 *; 
/(mole (0 5 mg) DNA nucleotide (average molecular weight 
1 million Sigma Chemical Company) glycine-NaOH 
buffer pH 10 s (O 1 M) MgCI I x |0 ' M enzyme and 
water In all experiments except those presented in Fig 
2 12 8 /(g of crude enzyme protein was used The reaction 
mixture was normally incubated for I hr at V C before 
stopping the reaction by the addition of 0 2 ml 10% (w/v) 
bovine serumalbuminand 1 ml of 14^ perchloric acid The 
tubes were left in the cold for 1 hr before centrifugmg to 
remove the undigested nucleic acid The acid soluble 
material in the supernatant was determined either by the 
diphenvlamine method of S( HNNEIDER (1957) or by read-
ing the absorhance at 260 nm of an adequately diluted 
sample against a suitable blank 
Denatured DNA was prepared by heating a 2 mg/ml 
solution of normal DNA in 0 01 M Tris-HCI 0 1 M NaCI 
and 2 x 10 •• M EDFA pH 7 i^ at 100'=Cfor7 mm and then 
cooling the solution rapidly in an ice bath The protein was 
estimated bv the method of LOWRV et al (19'il) The 
interfering phenolic substances present in the crude 
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Fig I Effect of pH on enzyme activity Enzyme wa'' 
assayed in 0 1 M phosphate buffer (pH 6 0-8 0) in 0 1 M 
Glvcine-NaOH buffer (pH 8 s-U) 5) and m 0 1 M 
phosphate-NaOH buffer (pH 110-11 S) 
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Fig 2 Effect of irtcreasrng enzyme concentration on the 
degradation of denatured and native DNA (O O) de-
natured DNA (• • ) native DNA 
RESULTS AND DISCUSSION 
E^ect of pH on the nuclease attnity of the crude 
enzyme solution 
The optimum pH for enzymatic activity was 
found to be 10 5 for both native and denatured DNA 
(Fig I) With native DNA most of the nuclease 
activity occurred above pH 9 0 whereas with de-
natured substrate appreciable activity was detected 
at pH 7 0 In both cases the activity declined sharply 
atpH II 0 TheshoulderatpH 8 0 may be indicative 
of more than one enzyme 
Effect of enz\me concentration on the substrate 
Figure 2 shows the effect of increasing enzyme 
concentration on the degradation of native and de-
natured DNA Hydrolysis of both DNAs was found 
to be linear up to 10 /ig of crude enzyme protein 
The hydrolysis of denatured DNA was again found 
to be faster when compared with the native material 
One of the reasons for this could be the generation 
of a larger number of termini on denaturation due 
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Fig 3 Time course of digestion of denatured DNA by the 
nuclease (• •) After 2 hr of incubation a further 500 
fig of denatured substrate was added (O O) 
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T ime , mm 
Fig 4 Temperature inactivation of the nuclease activity 
Samples of the enzyme (I ml) were incubated at 'M and 
^0°C and aliquots were withdrawn at intervals indicated 
and tested in the usual assay procedure Denatured DNA 
was used as substrate 
to the presence of single stranded nicks in the double 
stranded molecule 
Effect of time of incubation of the substrate wiffi 
the enz\me 
When the time of incubation was plotted against 
the percentage of substrate hydrolysed it indicated 
thai the rate of the enzymatic reaction remained 
linear up to 90 min at the end of which almost all the 
substrate was hydrolysed (Fig 3) Addition of an 
equal amount of substrate after 2 hr of incubation 
caused a further spurt of activity Thus the enzyme 
remains at least partially stable up to 3 hr at 37°C 
The relatively high stability of the nuclease is similar 
to that of the protease found in the gut of the larvae 
Temperature inactivation of the nuclease 
In Fig 4 IS shown the effect of incubatmg the 
crude enzyme solution at 37 and 50°C on the nu-
clease activity In agreement with the previous ex-
periment most of the activity was retained at 37°C 
at the end of 3 hr At 50°C complete inactivation 
occurred at the end of 2 hr and 50% of the initial 
activity was lost in 20 min 
Relation between substrate concentration and 
enzyme 
Figure 5 shows the substrate concentration-
activity curve DNA is rapidly hydrolysed up to 
concentrations of 1 4 /imo\e DNA nucleotide per 
ml, however at higher concentrations the rate of 
hydroly sis is decreased The curve obtained is simi-
lar to that of the digestive fluid protease of the silk 
worm Bomhw mori(EGUCHi and IWAMOTO, 1976) 
The decrease in the nuclease activity at relatively 
high substrate concentrations may be attributed to 
inhibition by the accumulated products of hydro-
lysis In addition the acid soluble nucleotides may be 




Table 1 Effect of various agents on nuclease activity 
06 2 16 2 4 3 0 36 
^mo le DNA nucleot ide 
Fig ^ Effect of substrate concentration on the nuclease 
activity Denatured DNA was used as substrate 
further hydrolysed by phosphatases present in the 
crude enzyme to yield inorganic phosphate In this 
context It should be noted that the activity is inhi-
bited to a limited extent by A M P and inorganic 
phosphate (Table I) 
Effect of various chemical agents 
The crude enzyme solution was dialysed against 
EDTA and redialysed further to remove the chel-
ating agent before testing the effect of different 
chemical agents (Table I) The activity of the dia-
lysed enzyme was 30% compared to the nondialysed 
extract The enzyme showed appreciable activity in 
the absence of metals However the activity was 
stimulated by Mg-* Hg-^ was found to be strongly 
inhibitory Metal chelating agents like E D T A , 8-
hydroxyquinohne and the presence of salts was also 
inhibitory Strong inhibition by E D T A in the 
absence of added metal ion suggests the presence 
of a tightly bound metal to the enzyme ( F R I E D B E R G 
et al, 1969) 2-Mercaptoethanol had no effect but 
p-chloromercur ibenzoate and N-ethylmaleimide 
inhibited to a limited extent 
The exper iments descr ibed above demons t ra te 
the presence of a nuclease activity, with a pH op-
timum of 10 5, in the midgut contents of the larvae 
of Spodoptera litura Proteolytic enzymes of insect 
gut usually have a pH opt imum in the neutral and 
alkaline region ( G I L M O U R 1971. H O U S E . 1965 
ISHAAYA et al 1971 A H M A D er a / , 1976 E G U C H I 
and IWAMOTO, 1976) Since the pH of the midgut 
fluid IS also m the alkaline region it is reasonable to 
assume that most digestive enzymes in insects may 
be active in the high alkaline range The nuclease 
of Spodoptera litura appears to be no except ion 
Whether more than one enzyme may be present , as 
suggested by Fig I can be decided only after the 
enzyme{s) have been purified Fur ther studies on the 
nuclease activity such as changes during the 
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1 ml of crude enzyme solution was dialysed against 400 
ml of 0 01 M Tris-HCl buffer pH 8 0 containing 1 x 1 0 ^ 
M EDTA for 48 hr in the cold The enzyme was redialysed 
against the same buffer without EDTA for 24 hr before 
using in the reaction Denatured DNA was used as the 
substrate Three separate observations were made with 
each agent The standard error ranged between ± 0 5 and 
+ 3 6 
the midgut nucleases of the larvae and adult , the 
transport of the enzyme from the midgut t issue to 
the lumen contents and the purification and charac 
terisation of the enzyme(s) will be of interest 
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Effect of dimethyl sulfate on the secondary structure of DNA 
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Summary. Hydroxyapatite chromatography has been used to demonstrate that alkylation of DNA at neutral pH may 
lead to denaturation under conditions where no significant depurination occurs. Presence of salt has a preventive 
effect on such denaturation. 
Many chemical carcinogens belong to the class of alkyl-
ating agents. Both in vivo and in vitro studies have 
indicated that principle target of these agents are the 
nucleic acids^"''. Lawley and Brooks have shown that 
the main alkylation sites in double stranded DX.\ are 
the N-7 of guanine and N-3 of adenine^. In addition, 
the alkylation of DX'A-phosphates may also occur. How-
ever, on this aspect there are conflicting reports in the 
literature*''. Hsiung et al.* have postulated that partial 
denaturation of alkylated DXA at higher pH values may 
occur through the disruption of hydrogen-bonding due 
to a base catalysed imidazole ring opening of the quar-
ternized X-7 guanine, Rizvi and Hadi have earlier 
published a preliminary experiment showing that al-
kylation may lead to denaturation of DNA under neutral 
conditions'. To our knowledge, these are the only reports 
available in the literature on the effect of alkylating 
agents on the secondary structure of DXA. In the present 
work we have used hydroxyapatite chromatography to 
demonstrate the denaturation of DXA as a result of 
alkylation without causing significant depurination. 
Dimethyl sulfate has been chosen as the alkylating agent, 
since it is known to cause minimum alkylation of DXA-
phosphates '^'. 
Materials and methods. Calf thymus deoxyribose-nucleic 
acid (sodium salt, average mol. wt 1 million) was obtained 
from Sigma Chemical Company, and was used without 
further purification. Dimethyl sulfate was obtained from 
May and Baker Ltd, England. Hydroxyapatite was pre-
pared as described by Bernardi". 
A 2-mg/ml solution of DXA in TXE (0.01 M tris-HCl, 
pH 7.4, 0.01 M or 0.1 M XaCl and 2x10- ' ' M EDTA), 
was methylated by adding sufficient dimethyl sulfate 
(DMS) to obtain the desired DXA nucleotide/DMS molar 
ratio. The solution was gently shaken at 25 °C for the 
desired period of time. The acid released by the hydroly-
sis of the methylating agent was neutralized by the 
addition of i.m. XaOH and the pH was maintained 
between 6 and 7. Depurinated DXA was obtained from 
alkylated DXA by incubating the latter at SOT for 4 h'^. 
Hydroxyapatite Chromatography was done as described 
by Bernardi'i. To determine the alkali labile acid-soluble 



































°„ DNA denatured 
(calculated from figure) 
Alkaline hydrolysis of 
alkylated DNA (jimoles acid 
soluble DNA 
nucleotide) 
Alkalii(e hydrolysis of 
depurmated DNA 






















Percent denatured DNA was calculated from the data of the figure. Hyperchromicity of DN.'\ on denaturation was taken into account before 
calculatinf; the percentage. See text for details of alkaline hydrolysis of alkylated and depurinated DN-A. 
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DNA nucleotides in a lkyla ted and d e p u n n a t e d DNA, 
the DNAs were first t rea ted with alkali (0 1 M) before 
precipi ta t ing with perchloric acid in the presence of 
2 mg/ml of bovine serum albumin (BSA) The acid-
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Hydroxyapatite chromatography of DNAs treated with DMS under 
various conditions, 600 [ig of DNA in 0 3 ml of TNh was loaded on 
a 1 X 3 cm column previously equilibrated with 0 01 M sodium 
phosphate buffer (pH 7 0) containing 1% formaldehyde The column 
was washed with 3 ml of equilibrating buffer and immediately fol 
lowed by elution with sodium phosphate buffers (pH 7 0) of mola-
rities indicated contammg 1% formaldehyde 3 ml fractions were 
collected at the rate of 10 ml/h Recoveries in all experiments were 
between 85% and 100% a Heat denatured DNA (•—•), native 
DNA (O— O) DNA nucleotide/DMS ratio NaCl molarity and 
time of alkylation respectively for different samples were as follows 
6 1 1, 0 1 M, 1 h, c 1 4, 0 1 M, 1 h, i 1 8, 0 1 M, 1 h el 4 0 01 M, 
2 h, / 1 4, 0 01 M, 5 h, g 1 4, 0 01 M, 10 h h\ 4, 0 1 M, 10 h 
Re'iults and discussion In the figures b , c and d, is shown 
the hydroxyapa t i t e ch romatography of DNAs alkylated 
with increasing molar rat ios of DMS in the presence of 
0 1 M NaCl Increasing number of DNA molecules show 
st rand separat ion with concomitant decrease m the double-
s tanded mater ia l As to the reason why all molecules 
are not dena tured a t the same t ime, one possibility m a y 
be the heterogenous populat ion of molecules m the DNA 
used m the exper iment The hypochromici ty of na t ive 
DNA as determined by hea t dena tu ra t ion was 24%, 
whereas for DNA alkylated with D M S molar ratios of 
1 1 , 1 2 and 1 4 it was 23, 15 and 10 5% respectively 
This observation, with the results of figure b , suggests 
t h a t light a lkylat ion of DNA (e g D N A / D M S molar 
ratio 1 1) does not result in any significant dena tu ra t ion 
Alkaline hydrolysis of DNA. a lkylated wi th a D M S molar 
ra t io of 1 1 and 1 4 shows negligible product ion of acid-
soluble nucleotides (table) This suggests t h a t no signifi-
can t depur ina t ion of a lkylated sites had occurred" H o w -
ever, when d e p u n n a t e d DNAs obta ined from these al 
kylated DNAs were subjected to alkal ine hydrolysis , 
appreciable product ion of acid soluble nucleot ides was 
observed indicat ing t h a t a lkyla t ion of D N A b y D M S 
had earlier t aken place This is fur ther suggested by a 
control exper iment where na t ive D N A was heated a t 
50 °C for 4 h and then t rea ted wi th alkali No product ion 
of acid-soluble mater ia l was seen In cont ras t , when DNA 
was a lkylated wi th a DMS molar ra t io of 1 8 (figure d), 
appreciable alkaline hydrolysis of a l k \ l a t e d as well as 
d e p u n n a t e d DNA occurred In order to de l i . imiut the 
effect of ionic s t rength on dena tu ra t ion the exper iments 
shown in the figures e, f g ,h were done DN A was alkylated 
for different periods m 0 01 M Na( 1 and subjeeted to 
hydroxy.apati te ch romatography \ DN \ n u c k o t i d e / 
DMS molar rat io of 1 4 was chosen since t ins causes 
minimum depur inat ion of a lkyla ted DN \ \ hnos t all 
the DNA molecules are dena tured after inmbat io i i for 
10 h in 0 01 M NaCl (figure g), while onH W^Q molecules 
a r t dena tured in 0 1 M NaCl in the same period (ligure h) 
^ control DN \ sample kept in 0 01 M NaCl a t room 
tempera tu re for 10 h did not show an^ product ion of 
dena tured molecules In all exper iments where alkylation 
was done in the pretience of 0 01 M NaCl, some \26o 
absorbing mater ia l was eluted with 0 1 M phosphate 
buffer, which corresponded to mononucleotieics 
1 he major sites of a lkylat ion in DN \ with DMS are the 
N 7 position of guanine and N 3 position of adenine '* 
Hsiung et al •* observed a relat ionship between the 
elecrease in fluorescence of intercalated t t h i d u i m and the 
ex ten t of alkvlat ion of DN A at p H 7 0 This was a t t r ibu ted 
to the charge lepulsion between the quarternizeei al 
kylated bases anel the positively charged e thidium which 
lesulted in a decrease m the number of e th id ium binding 
sites I t IS possible t h a t the positive charges of the quar-
ternized a lkylated bases alone through repulsion m a y 
adversely effect the forces stabilizing the secondary 
s t ruc ture of DNA Regardless of the precise in terpreta t ion 
of our results, it is clear t h a t a lkylat ion of DN V makes 
the seconeiary s t ruc ture of DN \ relatively unstable 
compared with tha t of the native molecule 
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